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Serious games are becoming increasingly popular due to their association with increased 
learning outcomes when compared to traditional self-regulated learning activities. However 
the majority of research examining the outcomes of serious games has focused almost 
exclusively on learning outcomes. This has resulted in a lack of research examining why 
these types of games result in increased positive outcomes such as engagement or 
performance. This study seeks to address this gap in existing research by examining the 
relationship between game difficulty and participants’ engagement, performance and self-
efficacy in a Pacman style maze navigation game. This required the use of hidden difficulty 
variations which participants were randomly assigned. Participants engaged with the game 
over a 5 day practice period. Results from this study suggest that difficulty plays a 
considerable role in influencing participants’ self-efficacy for the task. Self-efficacy has been 
consistently linked to positive outcomes such as increased engagement and performance. This 
highlights the importance of difficulty as a game design factor as well as providing an insight 
into the manner in which serious games could be further refined in order to increase users 
self-efficacy and associated positive outcomes. Implications for future serious games and 
self-efficacy research are discussed. 
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Structured practitioner notes 
What is already known about this topic 
· A growing body of evidence supports serious games as viable alternatives to traditional 
learning tasks 
· Majority of studies examining the outcomes of serious games focus on learning objectives 
· The influence of serious games on participants psychological constructs (self-efficacy, 
motivation etc.) remains unclear.  
What this paper adds 
· The design, and calibration, of game difficulty influences users self-efficacy for the game 
· Self-efficacy demonstrates consistent links to self-directed engagement within the game 
· Difficulty influences self-efficacy development and the associated outcomes of practice 
attempts and performance 
Implications for practice and/or policy 
· The designers of serious games need to be cognisant of the influences of game properties on 
participants’ perceptions of competence 
· Excessive difficulty can result in early disengagement and ultimately poor performance 






The use of games designed with specific learning outcomes, widely referred to as ‘serious 
games’, has rapidly increased in recent years. Research suggests that serious games hold the 
potential to provide several advantages over more traditional self-directed learning tasks 
including increased problem solving (Sánchez & Olivares, 2011), high levels of active 
independent learning (Boyle et al., 2016) and differentiated feedback (Bellotti, Kapralos, Lee, 
Moreno-Ger, & Berta, 2013). While various meta-analyses have suggested that serious games 
can lead to increased learning outcomes for many students when compared to traditional 
techniques (Clark, Tanner-Smith, & Killingsworth, 2016; Sitzmann, 2011; Vogel et al., 2006; 
Wouters, Van Nimwegen, Van Oostendorp, & Van Der Spek, 2013), these findings are still 
highly contested. Many researchers have raised significant concerns regarding the positioning 
of serious games as a viable alternative to more traditional educational tasks due to a lack of 
systematic evidence in support of their effectiveness (Honey & Hilton, 2011; Martinez-
Garza, Clark, & Nelson, 2013; Young et al., 2012). Of further concern is the fact that the 
majority of studies that have supported effectiveness of serious games at promoting student 
learning have focused solely on learning outcomes (Sitzmann, 2011). This is problematic as 
focusing on learning outcomes alone provides little insight into why these games have been 
associated with increased desirable behavioural outcomes such as increased engagement and 
persistence. This is supported by Bakhuys Roozeboom, Visschedijk, and Oprins (2017, p.98) 
who stress the need “to measure the effect of specific gaming design features” on the learning 
process by “manipulating some gaming mechanisms for one particular game”. One particular 
gaming design feature that could be manipulated is difficulty.  
The wider gaming industry is arguably more aware of the importance of difficulty 
selection and its impact on users. There are many examples of the ways in which this industry 
has sought to manipulate difficulty in order to maximise user engagement. These methods 
include user difficulty selection, prior user instruction and more recently auto-regulation of 
difficulty, often referred to as “dynamic difficulty adjustment” (Pagulayan et al., 2012). 
Research that aimed to examine the relationship between difficulty and psychological 
constructs associated with engagement and performance has primarily focused on intrinsic 
motivation. Andersen, Liu, Snider, Szeto, and Popović (2011) have noted that casual games 
can be an excellent medium for examining potential links between task properties and 
intrinsic motivation. Studies exploring this relationship suggest low difficulty is positively 
linked to intrinsic motivation (D. Lomas, Patel, Forlizzi, & Koedinger, 2013; J. D. Lomas et 
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al., 2017). Sampayo-Vargas, Cope, He, and Byrne (2013) examined an adaptive difficulty in 
a serious game compared to incremental difficulty and found no differences in motivation, 
but did note greater learning outcomes for the adaptive task which they attributed to its 
scaffolding effect. A related study by Alexander, Sear, and Oikonomou (2013) examined the 
relationship between difficulty and player enjoyment and found that a players previous 
experience of a game alters the enjoyment they derive from the game, suggesting that more 
experienced players enjoyed greater challenge regardless of their ability. While the 
relationship between difficulty and intrinsic motivation has been explored using a wide 
variety of methods the literature review that informed the current study did not identify any 
studies that explored potential links between difficulty and self-efficacy. Although self-
efficacy is a correlate of intrinsic motivation (Bandura, 2012), it is theoretically distinct and 
has potentially greater predictive value for desired outcomes than intrinsic motivation 
(Sitzmann & Ely, 2011). In addition difficulty manipulation has the potential to directly 
influence the mastery source, widely agreed as the strongest source of self-efficacy (Bandura, 
1997; Komarraju & Nadler, 2013; Pajares, 2003; Schunk & Pajares, 2009; Tsai, Chuang, 
Liang, & Tsai, 2011; Zelenak, 2015).  
The use of non-serious games when examining  this potential relationship offer 
advantages over serious games as an individuals’ past experience and performance in a 
particular subject will already have heavily influenced their self-efficacy for that subject 
(Bandura, 2012). In this manner the ‘serious’ element of the game will have a history of 
influence on an individual’s self-efficacy for the game prior to their first attempt. For 
example, previous experiences in mathematics will have heavily influenced an individual’s 
self-efficacy for a math-based game confounding an examination of the math game’s design 
features potential influence on self-efficacy. When examining the influence of preconceptions 
on perceptions Bandura (1986, p.53) noted that “Observers’ cognitive competencies and 
perceptual sets dispose them to look for some things but not others. Their expectations not 
only channel what they look for but partly affect what features they extract from observations 
and how they interpret what they see and hear.” Furthermore, even a relatively homogenous 
cohort can demonstrate diverse ability levels in a specific task, often employing vastly 
different strategies to reach successful solutions (Louis & Mistele, 2012). This highlights the 
need for a convergent task that is devoid of prior influential educational experiences if the 
relationship between game difficulty and self-efficacy is to be examined. Consequently, for 
the purposes of this study a game was employed that did not draw on prior educational 
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experience while also allowing for difficulty manipulation, a key gaming design feature. This 
employs a definition of difficulty frequently used in neuropsychology based on response time 
(Gilbert, Bird, Frith, & Burgess, 2012). This is supported by Boyle et al. (2016, p.188) who 
suggest that analysis of “engagement and informal learning in entertainment games can also 




Self-efficacy refers to an individual’s belief in their capability to achieve a positive outcome 
from a task or activity (Bandura, 2012). Bandura (1986, 1997) theorises that self-efficacy 
develops as an individual interprets information from four sources; Mastery Experience, 
Vicarious Experience, Social Persuasions, and Physiological States. The most influential of 
these four sources is Mastery Experience (Bandura, 1997). Mastery Experience is the result 
of an individual engaging in a task and achieving what they perceive to be a positive 
outcome. This experience of mastery leads to increased interpretations of their own 
capabilities in similar tasks (Zelenak, 2015). Vicarious Experience is an additional source of 
information which aids in the development of self-efficacy (Usher & Pajares, 2009). This 
occurs when an individual observes another completing a similar task. For example observing 
a classmate complete a task that the individual has heretofore not encountered could enhance 
their sense of efficacy for the given task (Bandura, 1997; Schunk, 1987). Social Persuasions 
relates to feedback, both verbal and non-verbal, which can encourage resilience and nurture 
confidence. Encouragement of this nature is most effective when it enhances an individual’s 
confidence (Usher & Pajares, 2008). Physiological State relates to sensations such as anxiety, 
fatigue or stress that present physiological cues (Joo, Lim, & Kim, 2013; Schunk, 2005). 
Sensations such as these will have a predictably negative influence on Self-efficacy formation 
(Bandura, 1997).  
Self-efficacy as a construct has shown considerable predictive value when examining 
performance and attainment in diverse settings (Sitzmann & Yeo, 2013). Several empirical 
studies suggest a positive relationship between self-efficacy and factors relating to 
satisfaction (Artino, 2008; Liaw, 2008), achievement (Schunk, 2005) and persistence 
(Martinez, 2003). While the link between self-efficacy and performance has been well 
established (Pajares, 2003), the majority of research has examined this link without 
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identifying factors that may influence the construct. This has limited the degree to which 
current research can inform our understanding of the relationship between self-efficacy and 
performance. Compounding this issue is the common practice of examining self-efficacy as a 
composite construct ignoring the theoretical four sources as proposed by Bandura (1997). 
The current study seeks to address these issues by examining the influence of difficulty on 
self-efficacy and by employing a self-efficacy scale that addresses each of the four 
hypothesised sources (Usher & Pajares, 2009). 
Method 
This exploratory study examined the relationship between task difficulty, self-efficacy 
formation, practice attempts and performance within the medium of a computerized maze 
navigation game, over a 1-week period. As highlighted by Bandura, if researchers are to 
examine the impact of a game on self-efficacy they first need a “sound  conceptual 
specification of the determinants governing performance in a given domain of functioning 
and the impediments to realizing desired attainments” (Bandura, 2012, p.15). In order to 
identify the primary determinant of performance a pilot test using a novel computerised maze 
navigation game was conducted in the same school in advance of the current exploratory 
study. The results of the pilot test suggested difficulty was a primary determinant of 
performance. Variations in performance supported the selection of self-efficacy as the most 
applicable self-regulation construct, noting that it typically demonstrates the highest 
correlations with performance (Sitzmann & Ely, 2011).  
The computerised maze navigation game employed as part of this research was 
derived from a non-deterministic platform in order to control for learned patterns of character 
movement. The task is presented as a Ms. Pac-Man style computerised maze navigation game 
(see Figure 1.)  as it facilitated subtle difficulty manipulations, as well as having minimal 
requirements on previously learned skills such as literacy and numeracy, and placing minimal 
load on the working memory of the participants. Participants gain points for each white 
power pill the titular character consumes while simultaneously avoiding the ghost characters 




Figure 1. Task Interface 
An adaptable version of the Pac-Man computer game was developed which included an 
automatic logging system, which recorded participants’ performance data every time they 
engaged with the practice task. This logging system automatically recorded the number of 
practice attempts as well as their performance data at 30 second intervals throughout the 
game and at the end of each game. This allowed for number of overall practice attempts of 
each individual throughout the practice period to be recorded. For the purposes of the current 
study engagement was conceptualised as behavioural, as opposed to cognitive or affective 
(Fredricks, Blumenfeld, & Paris, 2004, p. 62), and hence the number of times a student 
attempted their assigned practice task was used to measure their levels of engagement.  
Three difficulty versions of the task were created based on response time demands 
(Gilbert et al., 2012). Negative character speed was increased by 10% from the standard 
setting to create a high difficulty version; conversely character speed was decreased by 10% 
in order to create the low difficulty version. The difficulty variations and data logging 
systems were previously developed for use in a similar study by Lynch et al. (2013). These 
variances in task difficulty proved not to be detectable in pilot tests. The pilot consisted of 68 
participants and took place approximately a year before the main study in the same school 
with a similar age group following the same procedure. After completion of the pilot 
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participants were interviewed regarding their experience with the game. Participants did not 
report any perceived variation in their assigned practice version to either the test version or 
any other participant’s version. This study had ethical approval form the University’s ethics 
committee. Prior to engaging with any research-related activity participants and their legal 
guardians provided informed consent to take part in the study.  
Instrument 
Self-efficacy was measured using an adapted version of a scale originally created by Usher 
and Pajares (2009). The original version of the scale was designed to measure self-efficacy 
for mathematics in children of approximately the same age as the participants in the current 
study. The creators of the sources scale note that the results “suggest that the sources scale is 
psychometrically sound and could be adapted for use in other domains” (Usher & Pajares, 
2009, p.89).  In addition subsequent adaptations of the scale for use in the domain of science 
have demonstrated high reliability when adaptations to items are limited to altering the 
domain in question (Chen & Usher, 2013). For the purpose of this exploratory study, the 
scale was similarly adapted so that references to math were altered to reflect a focus on the 
computerised maze navigation game. The full, adapted version used in the current study is 
included in Appendix A. 
Testing Procedure 
For the purpose of this exploratory study, participants were first pre-tested using a standard 
difficulty setting. Participants completed the pre-test game on a common laptop computer in 
groups of 6-8 in a resource classroom separate to any ongoing school activities. Once the 
computerised navigation game was completed participants proceeded to complete the sources 
of self-efficacy scale. Participants were then issued with a USB stick selected at random from 
a container, all of which were physically identical except for an identifier number. The USB 
contained the practice game which, under their own volition, participants were asked to 
practice with as often as they wished over a 5-day practice period. Individuals were not aware 
that the stick contained one of three possible practice difficulty levels. All participants then 
returned to their scheduled class. As this was an exploratory study, participants were given a 
5-day practice period, followed by post-tests which were conducted one week after the pre-
tests. For the post-test, participants first completed the sources of self-efficacy scale and then 
completed the standard difficulty version of the game. Once the post-test was completed 
participants deposited their personal USB sticks, containing records of each practice attempt, 




The participants in the current exploratory study were 66 Irish pupils randomly selected from 
a first-year second-level school (high school) who are on average 12 years of age (Nolan & 
Layte, 2017). They were recruited from a school in the south of the Republic of Ireland. 
Information and consent documentation was circulated to parents a week prior to the pre-test 
date. Participation was entirely voluntary and only those who returned signed consent forms 
participated in the study. 
Analysis 
Potential differences between difficulty groups were examined using one-way between-
groups ANOVA tests. These tests were used on pre-test performance and self-efficacy data to 
ensure relative homogeneity among each group. Post-test applications of the ANOVA test 
were employed in order to explore variances in improvement, practice attempts, and self-
efficacy source values. Where applicable post-hoc Tukey’s HSD tests were employed in 
order to fully examine any statistically significant ANOVA results. The reliability of the four 
self-efficacy subscales was examined by calculating Cronbach’s Alpha. Linear regression 
analyses were used to explore explained variance and potential mediation as outlined by 
Baron and Kenny (1986). 
Results 
Results are presented relevant to game performance, practice attempts and self-efficacy 
scores. First practice attempts and performance will be examined relative to difficulty groups. 
Subsequently self-efficacy variations will be examined relative to difficulty groups. Finally 
the relationship between self-efficacy, practice attempts and performance will be examined 
relative to difficulty groups. 
Practice Attempts and Performance 
A one-way between-group ANOVA was carried out to explore variances in the initial game 
performance between difficulty groups and to assess the homogeneity and comparability of 
the participants using pre-test scores. No statistically significant difference (p = 0.425) in the 
pre-test scores between the three difficulty groups was identified: F (2,63) = 0.868. This is 
supported by the reasonably consistent pre-test means (see Table 1.) 
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Table 1. Pre and Post Game Score Means 
 Pre-Test Post-Test 
Difficulty n M SD M SD η² 
Low  22 1887.27 916.89 3353.18 1833.47 0.52 
Medium 22 2079 850.69 2934.09 888.26 0.46 
High 22 1753.18 689.7 2180 711.15 0.34 
Total 66 1906.48 822.948 2822.42 1343  
 
A subsequent between-group ANOVA was used to examine differences in improvement 
between pre and post-test. Improvement was calculated as the difference in pre and post test 
scores. A statistically significant difference between difficulty groups was observed, F (2,63) 
= 0.4942, p = .01, η² = .136. Using the G*Power calculator (Faul, Erdfelder, Lang, & 
Buchner, 2007) observed power for the ANOVA was calculated at .81 (alpha = 0.05). A 
Tukey HSD post hoc test showed a statistically significant difference in improvement 
between the high difficulty (M=426.82, SD=816.09) and low difficulty group (M=1465.91, 
SD=1438.77). The medium difficulty group (M=855.09, SD=951.92) improvement was not 
significantly different from the high or low difficulty group. Changes in scores over time by 





Figure 2. Mean Change in Pre to Post Game Scores by Difficulty Group  
A between groups ANOVA found a significant difference in practice attempts completed by 
the cohorts, F (2,63) = 5.54, p = 0.006, η² = 0.15 (Cohen, 1988, p.22). Using the G*Power 
calculator (Faul et al., 2007) observed power for the ANOVA was calculated at .86 (alpha = 
0.05). A subsequent Post-hoc comparison using the Tukey HSD indicated that the low 
difficulty group (M=16.23, SD=10.1) was statistically significantly different to the high 
difficulty group (M=8.45, SD=4.925). The medium difficulty group (M=12.18, SD=12.18) 
did not differ significantly from either the high or low difficulty group.  A Pearson’s 
correlation analysis, examining games played relative to improvement, was also statistically 
significant (r=0.734, n=66, p<0.001), resulting in a large correlation (Cohen, 1988, p.22). 



















Figure 3. Practice Attempts 
Sources of Self-efficacy 
To assess the homogeneity and comparability of participants, pre-test results of the sources of 
self-efficacy scale data are compared. Each pre-test source value is compared between 
difficulty groups using between groups analysis of variance. When analysing pre-test Social 
Persuasions scores item 15 (Adults in my family have told me that I am good at Pacman) was 
excluded due to participants not having prior opportunity to engage in the task in proximity to 
family members before the pre-test. The results of these ANOVAs (see Table 2.) suggest no 
significant difference across difficulty groups. 
 
Table 2. Pre-test Sources of Self-efficacy 
Source F Sig. 
η² 
Mastery .392 .677 .012 
Vicarious Experience 3.093 .52 .089 
















Physiological State .197 .822 .006 
 
In contrast the post-test sources of self-efficacy means all demonstrate statistically significant 
differences (see Table 3 & Figure 4).  
Table 3. Post-test Sources of Self-efficacy 
 Difficulty Mean σ F Sig. η² 
Mastery 
Experience 
Low 6.477 2.13 8.911 .001 .221 
Medium 6.015 1.79    
High 4.189 1.76    
Vicarious 
Experience 
Low 5.235 1.69 3.829 .027 .108 
Medium 5.523 1.98    
High 3.969 2.23    
Social 
Persuasions 
Low 5.439 2.53 6.204 .003 .165 
Medium 4.576 2.08    
High 3.144 1.88    
Physiological 
State 
Low 2.386 1.21 12.638 .001 .286 
Medium 2.591 1.14    
High 4.182 1.49    
 
All significant differences in post-test sources of self-efficacy scores are graphically 
represented in Figure 4. It should be noted that the physiological source is a negative report 




Figure 4. Post-test Sources of Self-efficacy Scores 
The internal consistency of all four subscales of the sources of self-efficacy scale (Usher & 
Pajares, 2009), each containing six items, was examined and all were found to be above the 
recommended Cronbach’s Alpha threshold of .80 (Henson, 2001) (mastery experience .973 
vicarious experience .957 social persuasion .945 physiological state .929). All sources 
demonstrate consistent patterns across difficulty groups except for vicarious experience.  
The Relationship Between Process and Outcome Variables 
The matrix shown in Table 4 outlines the correlations between improvement, practice 
attempts and the four sources of self-efficacy. Improvement was calculated as percentage 
increase in post-test relative to pre-test scores.  
Table 4. Correlation Matrix 



























a = Statistically significant difference between Low and High difficulty groups  
b = Statistically significant difference between Medium and High difficulty groups 
 





.708** .741** 1    
Vicarious 
Experience 
.557** .577** .805** 1   
Social 
Persuasions 
.643** .693** .820** .683** 1  
Physiological 
State 
-.508** -.517** -.623** -.588** -.660** 1 
** Correlation is significant at the 0.01 level (2-tailed).  
Stepwise linear regression analysis was used to assess the capacity of the sources of self-
efficacy and number of practice attempts to predict post-test scores while controlling for pre-
test scores. Preliminary analyses indicated no violations of assumptions relating to normality, 
linearity, multicollinearity and homoscedasticity. Pre-test scores were entered in step 1 and, 
using the adjusted R square value, explained 24.5% of the variance in the post test score. 
After inclusion of practice games played and mastery experience as the only significant 
remaining variables the model explained 78.7% of the variance in post-test scores, (F (3,62) 
= 81.275, p<.001). Practice games played (β = .534, p < .001) demonstrated the highest beta 
value followed by mastery experience (β = .273, p = .003). Further regression analyses were 





Figure 5. Regression coefficients and path model 
Figure 5 outlines the steps required to examine possible mediation as described by Baron and 
Kenny (1986). Results indicated that difficulty was a significant predictor of mastery 
experience, β = -1.14, SE = .29, p < .001, and that mastery experience was a significant 
predictor of improvement β = 397.53, SE = 51.75, p < .001. These results suggest mediation. 
Difficulty was no longer a significant predictor of improvement when controlling for the 
mediator, Mastery Experience β = -64.79, SE = 51.75, p > .05. Approximately 55% of the 
variance in improvement was accounted for by the predictors (R2 =.55). The results of further 
mediation analyses are shown in Table 5. These additional mediation analyses follow on from 
the model shown in Figure 5. 
Table 5. Alternative path models and associated coefficients 
 Path a Path b Path c’ 
 β SE β SE β SE 
Mastery -1.14*** .2885 397.53*** 51.75 -64.79* 133.32 
Vicarious -0.63** .30 316.18*** 55.67 -319.54** 139.7 
Social -1.15*** .3272 299.85*** 51.05 -175.4* 145.91 
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Physiological 0.9*** 0.2 -290.21** 97.08 -259.01* 178.32 
Practice Attempts -2.22*** .6535 114.7908*** 10.8954 -147.7287* 128.67 
Note: *>.05, **<.05, ***<.001 
 
Discussion 
Previous studies have highlighted the benefits of serious games with regard to student 
learning outcomes due to promoting active, independent learning (Boyle et al., 2016), student 
problem solving (Sánchez & Olivares, 2011), and providing differentiated feedback (Bellotti 
et al., 2013).  While prior research in this area has had a product focus, predominantly 
examining student performance, the results of this study highlight the importance of game 
design features on student perceptions associated with these outcomes.  
The results of this study suggest that difficulty has the potential to influence mastery 
experience, the predominant source of self-efficacy. Significant variance in the post-test 
sources of self-efficacy scores across the three difficulty groups, with the high difficulty 
group’s mean scores rising the least between tests, suggest that difficulty is related to self-
efficacy development. In addition, these variances in self-efficacy sources correlated 
significantly with variances in practice attempts and performance outcomes. Links to 
increased practice attempts and performance observed in this study align with previous 
research findings (Bresó, Schaufeli, & Salanova, 2011; Honicke & Broadbent, 2016; Usher & 
Pajares, 2008). The unique contribution of this study centres on the manipulation of the game 
design feature ‘difficulty’, and the resultant variation in participant self-efficacy beliefs. The 
negative impact of high difficulty on self-efficacy, and conversely the positive impact of low 
difficulty on self-efficacy, highlights the potential influence of game design features. This 
builds on the work of Bakhuys Roozeboom et al. (2017) and moves beyond observing 
variances in outcomes and towards a better understanding of the impact of game design 
features on participant beliefs surrounding their own competence.  
 Mastery experience demonstrated the largest correlation with practice attempts and 
performance. The number of practice attempts are in turn highly correlated with performance. 
In addition, a statistically significant difference in mastery experience was observed across 
difficulty groups with the low difficulty group demonstrating the highest levels of mastery 
experience, while conversely the high difficulty group reported the lowest levels of mastery 
experience. Similarly, statistically significant differences in practice attempts and 
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performance were observed across difficulty groups. As highlighted by Bandura (1982) 
mastery experience is a key driver of early engagement. In turn engagement is seen as an 
antecedent to increased performance. This highlights the role of difficulty in altering mastery 
experience, and by extension the behavioural outcomes of engagement and performance.  
Similar patterns are observed when examining the social persuasions source. It 
demonstrates the second highest correlation with performance and practice attempts. In 
addition, it demonstrates a similar pattern to the mastery source with the low difficulty group 
reporting the highest levels of social persuasions and the high difficulty group reporting the 
lowest. This is supported by Britner and Pajares (2006, p.495) who suggest that “Social 
persuasions serve as an enhancement to mastery experiences.” This pattern was also observed 
in the physiological source, although it is presented as reversed due to the negative report 
nature of the physiological source subscale used in this study (Usher & Pajares, 2009). The 
results of this study suggest participants who practiced using the high difficulty version of the 
game experienced greater levels of anxiety. The negative correlation of this source to practice 
attempts, performance and the other sources of self-efficacy is consistent with self-efficacy 
theory and existing research (Usher & Pajares, 2008). This is particularly relevant to serious 
game designers as it suggests that optimisation of difficulty level could potentially increase 
desirable outcomes associated with high self-efficacy such as self-directed engagement with 
practice attempts and overall improvement in performance. However further research is 
needed to more fully understand the nature of the influence of difficulty in more complex 
tasks that serious games are typically composed of.  
While the results of the current study highlight the influence of game difficulty on 
self-efficacy, and the associated outcomes of practice attempts and performance, the results 
cannot be considered generalizable and must be considered relative to its limitations. Further 
large scale studies, employing more advanced statistical analysis, are required in order to 
more fully explore the nature of the relationship between self-efficacy and performance. It 
should also be noted that the relationship between sources is likely to change across different 
domains of functioning (Bandura, 2006; Usher & Pajares, 2009). Data relating to the 
vicarious experience source demonstrates variance that does not reflect patterns observed in 
the other sources within this study. This is reflected in existing literature and highlighted by 
Usher and Pajares (2009, p.99) who note that “vicarious experience remains a construct 
difficult to capture using traditional self-report, quantitative measures.” This is emphasised 
by Bandura who stresses that “a distinction must be drawn between information conveyed by 
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experienced events and information as selected, weighted, and integrated into self-efficacy 
judgments. A host of personal, social, and situational factors affect how direct and socially 
mediated experiences are cognitively interpreted.” (Bandura, 1997, p.79). Research 
examining how these socially mediated experiences inform self-efficacy beliefs has the 
potential to further inform self-efficacy theory. This line of enquiry also has the potential to 
increase the relevance of self-efficacy to serious game design, as well as online learning 
environments, which often employ various features to encourage social interactions (Means, 
Toyama, Murphy, & Baki, 2013; Wouters et al., 2013).  
Limitations 
No studies identified in the literature review for the current study examined the potential 
relationship between difficulty, self-efficacy and performance.  This resulted in an 
exploratory study and as such results should be considered in light of the limitations related 
to studies of this nature. The results of the current study hold the potential to support the 
development of serious games that can better utilise self-efficacy further increasing the 
positive behavioural outcomes with which they are already associated. However, this study 
employed a traditional, non-educational game and therefore further research is required 
before the applicability of the findings to serious games can be ascertained.  The current 
study was conducted over a one week period and therefore the long term impact of varying 
task difficulty could not be assessed. Participation in this study was entirely voluntary and a 
week was a significant commitment for the participants, guardians and the school that kindly 
agreed to participate in this study. For the purpose of this study, first year post-primary 
students were targeted when recruiting participants. It is perhaps reasonable to assume that 
more senior students would interact and engage very differently with such tasks.  
Consequently, further research is required to examine the impact of task difficulty on senior 
students’ levels of practice attempts, performance and self-efficacy, especially given that 
such students are often studying for ‘high stakes’ examinations as part of university 
matriculation processes.  Furthermore, it was not possible to fully control for natural 
variances in students’ workloads and external commitments, which may have competed with 
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Item Full Sample  
1 I make excellent scores on Pacman(ME-1) 
M
astery 
2 I am successful on Pacman (ME-3) 
3 Even when I practice very hard, I do poorly in Pacman (ME-6) 
4 I got good scores in Pacman on my practice games (ME-8) 
5 I do well on Pacman (ME-9) 
6 I do well on even the higher levels of Pacman (ME-12) 
7 Seeing others do well in Pacman pushes me to do better (VA-4) Vicarious Experience 
8 When I see how others win a game, I can picture myself winning the game in the same way (VA-6) 
9 Seeing others do better than me in Pacman pushes me to do better (VP-1) 
10 When I see how another student wins a game of Pacman, I can see myself winning in the same way (VP-9) 
11 I imagine myself completing Pacman successfully (VS-4) 
12 I compete with myself in Pacman (VS-5) 
13 Others have told me that I am good at playing Pacman (P-4) Social Persuasions 
14 People have told me that I am good at Pacman (P-5) 
15 Adults in my family have told me that I am good at Pacman (P-7) 
16 I have been praised for my ability in Pacman(P-13) 
17 Other students have told me that I’m good at playing Pacman (P-14) 
18 My classmates think I’m good at Pacman (P-16) 
19 Playing Pacman makes me feel stressed and nervous (PH-2) Physiological State 
20 Practicing Pacman takes all of my energy (PH-3) 
21 I start to feel stressed-out as soon as I begin playing Pacman (PH-5) 
22 My mind goes blank and I am unable to think clearly when playing Pacman (PH-7) 
23 I get depressed when I think about playing Pacman(PH-9) 
24 My whole body becomes tense when I have to play Pacman (PH-12) 
